The advantage of the new concept can be chiefly found in the fact that the abstractness and difficulty 20-22 of the energetic theory of heat and its extended formalism will disappear. The component rj3 of the viscosity of ammonia increases in an electric field. The effect depends on E2/p and tends to a saturation value close to that found from measurements in a magnetic field. In ammonia-helium mixtures the saturation value of the effect decreases and becomes negative at an am monia concentration of about 40%.
The viscosity of NH3 , ND3 and mixtures of NH3 with helium and argon have been measured in a static, homogeneous, external electric field with methods de scribed elsewhere for other polar gases1-3. Ammonia is presented separately because of the very peculiar properties arising from molecular inversion. A con sequence of inversion is that the effect depends on field intensity E and pressure p in a very different way from the other polar gases of symmetric top molecules, where it behaves as a function of the ratio E/p.
The component ry3 of viscosity4 was measured by means of a capillary bridge which was brought out of balance by applying the electric field to two opposite branches, thereby altering their Poiseuille resistance *. An Atlas MMM membrane micromanometer was used to read the small pressure difference caused by such unbalance. The main results are the following: a) the viscosity increases in an electric field (this is in contrast with all other gases studied so far, whose viscosity decreases in an external field, but in agree ment with the behaviour of ammonia in a magnetic field 5) ; b) the effect is a function of E2/p in the pressure range studied (1.3 to 75 Torr for NH3, 1.2 to 4.4 Torr for ND3) , in agreement with theory 6.
For NH3 , where saturation cannot be reached be cause of the high fields required, it is possible never- theless to estimate the saturation value to be .00032, in surprisingly good agreement with the value found by K o r v i n g in a magnetic field 5. For ND3 , on the other hand, it was possible to measure quite precisely the saturation value, which is .00022, i. e. considerably smaller. The reason why the measurements are easier for heavy ammonia is that the fields required are pro portional to the square root of the inversion frequency, which is 23.8 GHz in NH3 and only 1.6 GHz in ND3 7.
The experimental points are shown in Fig. 1 , where theoretical curves6 are also plotted for comparison. Points corresponding to different pressures all fall on the same curve for each species. Since in the magnetic case the situation is much simpler and the relevant cross sections can be extracted directly from the ex periments without relying too much on theoretical con siderations, the average cross section of 133 Ä 2 obtain ed by K o r v i n g 5 has been used in drawing the theoreti cal curves. The curves are normalized to the saturation value. The agreement in the field values is good, in dicating that the same collision processes are important in the magnetic and the electric problem and also that the same cross sections can be ascribed to both isotopic species. The disagreement in the shapes is due to an oversimplification of the theory discussed at length in Refs. 2> 6. The smaller effect in ND3 can perhaps be ascribed to an increased importance of the negative contribution arising from the term [J] (2) 5> 6. This con tribution is strictly connected with energetically in elastic collisions 8, and strongly quenched in ammonia where such collisions are rare due to the wide spacing of the energy levels6. In ND3 the spacing is smaller and correspondingly the contribution of [J ] (2) may be larger. In Fig. 2 ■ : xnh3= -2 0 ; X : xnh#= 11-negative effects respectively, because the viscosity de creases in the field for mixtures with low ammonia content. The effect at saturation and (E2/p)i/2 are re ported in Fig. 3 as a function of concentiration. The saturation value can be seen to change sign at a con centration just below 40% of ammonia. This can be ascribed to the increased relative importance, at low ammonia concentrations, of the energetically inelastic collisions and of the negative contribution of the term [J ] ( 2), and maybe also to the decreased importance of the collisions without an inverse which cause the term J [ W ] (2) to exist (the latter being presumably con nected with the dipole-dipole interaction). At the same time, (E2/p) i/t becomes very small at low ammonia con centrations, because of the smallness of the NH3-He reorientation cross section. More interesting, the points do not fall on a straight line: this can again be inter preted as corresponding to the presence of two terms (see below, however). A few measurements have also been performed in NH3-Ar mixtures, indicating again a change in sign of the effect when the ammonia concentration is de creased below about 40%. Electrical breakdown pre vented a thorough study of these mixtures.
A comparison of the present experiments with the thermal conductivity results of DE G r o o t et al. 9 shows a very large difference in (E2/p)i/1: this quantity for ND3 equals about 1 . 2 -1 0 7 V2/cm2-Torr for the thermal conductivity, and only 1 . 2 -1 0 6 V2/cm2-Torr for the vis cosity, exactly a factor of 10 less. This is to be con trasted to CH3CN, where the situation is reversed 2.
For both gases, the positive effect saturates earlier. The latter seems to be a rather general fact and can be explained as follows 2. The positive effects are due to terms containing only one J (such as J W for X or J [ W ] (2) for rj) . Such terms are rather insensitive to purely reorientation collisions which are of paramount importance in strongly polar gases, because J is very nearly a summational invariant due to angular momen tum conservation; hence the corresponding cross sec tions are much smaller than the reorientation cross sec tion. On the other hand, the negative effects are due to terms containing [J] (2) ([J ] (2) W for A, simply [J] for rj) and [J ] ® is very sensitive to reorientation, so that the full reorientation cross section appears in this case, which implies short mean free paths and late saturation. The large cross section connected to X also explains why the thermal conductivity of ND3 goes over to normal behaviour at relatively low pressures 9.
The behaviour of (Ü^/p)^ in the mixtures, which does not seem to fit well in this picture, is not to be taken as a serious argument against it, because this quantity is of limited significance when two different contributions are present.
